Background: As biofuel projects may be associated with positive and negative effects on people's health and wellbeing, a health impact assessment was performed for the Addax Bioenergy Sierra Leone (ABSL) project. We present data from the baseline health survey, which will provide a point of departure for future monitoring and evaluation activities.
Introduction
The potential role of biofuel as an alternative energy source to fossil fuels has to be weighed against the potential negative effects of its use on the environment and people's health and livelihoods.
1,2 Indeed, biofuel development projects are met with controversy and generate considerable debate among proponents, environmentalists and other stakeholders. Potential adverse effects on the health of local populations may occur as a result of reduced access to land, increased demand put upon water resources, altered disease vector ecology and strains on already weak health systems. 3, 4 Improved socioeconomic status, better road infrastructure, increased access to the power grid and agricultural extension services associated with biofuel development projects may result in positive impacts. 5 However, the scientific evidence on local-level health impacts of biofuel projects is generally weak. The current lack of evidence hampers an objective evaluation of proposed mitigation measures and best practice principles that have been suggested by various organisations, including the International Finance Corporation (IFC). 6 The Addax Bioenergy Sierra Leone (ABSL) project will cultivate sugarcane for the production of ethanol for export to Europe (an estimated 85 000 m 3 per annum) and electricity (100 000 MWh per annum). 7 The generated electricity will supply the refinery and the irrigation system for the sugarcane estates. A capacity of up to 15 MW of power will be supplied to the national grid of Sierra Leone. An environmental, social and health impact assessment (ESHIA) was conducted, encompassing 14 specialist studies, including a health impact assessment (HIA). HIA is an evidence-based approach that aims to guide interventions and actions to mitigate negative effects and enhance positive effects. 8, 9 A scoping study was carried out in the ABSL project area in February 2010, with the objectives of identifying likely impacts on the health of potentially affected communities (PACs), and defining the terms of reference of the HIA. This early phase of the HIA followed a systematic approach that included the collection of information from different sources (i.e. publicly available information, project stakeholders and local data). 10 Characterising the baseline health situation of PACs is a crucial component of the scoping phase. 11 Additionally, monitoring and evaluation of potential project-related health impacts relies on the quality and accuracy of baseline health data. In developing countries, local-level data on community health are often scarce and of varying quality. Hence, primary data collection and characterisation of the baseline situation becomes an integral part of many HIA. 12 By means of a gap analysis it was determined whether sufficient data are available for the subsequent steps of the HIA. This included a critical appraisal of the quality of data from different sources, with a particular focus on health outcomes and determinants of major concern. This process identified important data gaps that made primary data collection a necessity, and thus part of the terms of reference for the overall HIA. Major potential health impacts of the ABSL project, associated principal impact pathways and proposed key health indicators are presented in Table 1 . Depending on the proposed key health indicators, different data collection strategies are indicated, such as cross-sectional baseline health surveys (BHS), routine health information system data and environmental sampling. A summary of the findings of the ESHIA is available elsewhere. 13 Here we report findings from the cross-sectional BHS carried out in communities that will be affected by the ABSL project. Our data cover a wide range of clinical and parasitological indicators that will serve as a benchmark for monitoring and evaluation of changes and dynamics in the communities that may be attributable to the ABSL project. Moreover, comparison of our findings with aggregated data at regional and national levels will deepen the understanding of health challenges and needs of communities in northern Sierra Leone.
Materials and methods

Ethical considerations
The study was approved by the Sierra Leone Ethics and Scientific Review Committee of the Ministry of Health and Sanitation. Written, informed consent (or a fingerprint in the case of illiterate individuals) was obtained from household heads and mothers for the questionnaire survey and sampling at the clinical field unit and from head teachers in the primary schools. Children with a Plasmodium falciparum infection were treated with an artemisininbased combination therapy (i.e. artemether-amodiaquine), in line with national guidelines. Mildly to moderately anaemic children (haemoglobin [Hb] 7-11 g/dl) were provided with multivitamin supplements. Children diagnosed with severe anaemia (Hb ,7 g/dl) were referred to a hospital and treated according to national policies, free of charge. Moderately to severely anaemic women were counselled, and referred to a health facility if indicated by their clinical condition. All participating school-aged children received empirical treatment with albendazole (400 mg) and those with confirmed Schistosoma infection received praziquantel (40 mg/kg).
Study area
The ABSL project is located 15 The study area covers 14 300 ha, of which approximately 10 000 ha will be developed for sugarcane plantations. Approximately 14 000 people live in the 60 villages of this area and 95% of households participate in small-scale slash and burn subsistence farming, practising crop cultivation, bee keeping, charcoal production, hunting, fishing and animal husbandry. 13 The study area is a large, gently undulating plain limited by the Lunsar-Makeni highway to the north and by the Rokel River to the south (Figure 1 ).
Study design and sampling method
The study methodology was specifically developed for HIA of large industrial projects. 12 The modular, cross-sectional BHS is based on a sentinel survey approach, combining a two-stage sampling procedure adapted to the prevailing eco-epidemiological characteristics of the setting. With the exception of the soil-transmitted helminths and Schistosoma infection survey, the clinical indicators assessed for the BHS are exactly the same as those used in the 2008 Sierra Leone Demographic and Health Survey (DHS), which will allow for comparison of the results from the ABSL project area with regional-level data.
14 Anaemia, because of its multifactorial aetiology (e.g. prevalence of sickle cell disease, intake and absorption of dietary iron, Plasmodium infection and parasitic worm infections) is considered an important indicator when monitoring trends in the general health status. The anaemia rate in children aged 6-59 months was selected as the primary outcome for sample size calculation. With the formula for normal approximation to binomial distribution without finite sample correction (level of confidence 95%; expected prevalence 50%; precision 5%), the sample size was calculated at 385. An estimated number of 2.5 children aged 6-59 months per household and a drop-out rate of 20% led to the target sample of at least 185 households. Experience from previous BHS with the same logistical and field-staff setup revealed that 25 households can be sampled in one day at a single sentinel site. 12 Eight sentinel sites were selected (Figure 1 ) to be representative of the PACs by geographical distribution and exposure to the ABSL project. Additionally, the availability of a health facility was a criterion; we selected four sentinel sites that had a health facility to determine whether access to healthcare is associated with better health indices. Random sampling of 25 households within the sentinel sites was done by a quota sampling method. In brief, four directions were randomly determined by spinning a top at a central place within the sentinel site; households along these directional lines were counted to the border of the sentinel site, and the first household to be interviewed was selected at random. Proximity sampling was applied, with interviewers moving from one household to the next, until 25 households were sampled. The presence of a mother with at least one child aged ,5 years was the ultimate household inclusion criterion.
Data collection
The BHS was carried out in December 2010, early in the dry season. After informed consent was obtained, a questionnaire was administered to determine demographic characteristics. Subsequently, mothers took their children aged ,5 years to the clinical field unit, where their height and weight were measured using a digital scale (Seca 877; Seca, Hamburg, Germany) and a height measuring board, adhering to standard protocols. 15 Plasmodium falciparum infection in children aged 6-59 months was determined from a finger-prick blood sample, using a rapid System; HemoCue AB, Ä ngelholm, Sweden), which was qualityassured using bovine blood prior to the survey. The pregnancy status of women was investigated, and recorded by the treatment officer on the basis of verbal report. As a means of quality control, questionnaire and clinical data were checked and entered into the database on the spot and any missing information obtained before leaving the site. The prevalence and intensity of soil-transmitted helminths and Schistosoma infection was assessed in children aged 10-15 years. In each of eight schools, 30 children were randomly selected, to give a total of 240 children. As there is no school at one site (Maronko), we sampled the schoolchildren in Lungi, a neighbouring village. A single fresh morning stool sample and a mid-day, post-exercise urine sample were collected from each child. One slide per stool sample was prepared and examined by the KatoKatz technique (using 41.7 mg templates). 16 The slides were microscopically examined by experienced laboratory technicians and the number of eggs of Schistosoma mansoni and of soiltransmitted helminths (Ascaris lumbricoides, hookworm and Trichuris trichiura) counted and recorded separately. Intensity of infection was calculated as the number of eggs per 1 g of stool (epg). 17 Urine samples were examined for S. haematobium, using the centrifugation method.
18 10% of the Kato-Katz thick smears were randomly selected and re-examined by a senior laboratory technician for quality control.
Statistical analysis
Data were entered using EpiData Entry V. Anaemia was defined as Hb ,11.0 g/dl in children and pregnant women and ,12.0 g/dl in non-pregnant women, according to WHO guidelines.
14,19 Height-for-age (stunting, chronic malnutrition), weight-for-height (wasting, acute malnutrition) and International Health weight-for-age (underweight) were calculated for children aged ,5 years. Moderate and severe stunting, wasting and underweight were defined as ,22 SDs and ,23 SD, respectively.
We used a generalised linear model to determine variables that best predict the outcome (i.e. Hb concentration). Household was integrated as random effect and we checked for potential interactions between explanatory covariates. Coefficients are reported including 95% CIs, and Wald-test p-value. Candidate explanatory variables for the multivariate models were age (in years), sex, village, P. falciparum infection, stunting, wasting and presence of a health facility in the village. A backward stepwise procedure was computed, removing non-predicting covariates (up to a significance level of 0.2), one at a time. The remaining covariates were included in the final models.
Results
Study compliance
Overall, 1231 individuals from 198 households and eight schools participated in the different study arms (Figure 2 ). Questionnaire and clinical data were available from 591 children aged ,5 years and 400 women aged 15-49 years. Stool and urine samples from 240 school-aged children were examined. Complete datasets were available for 1221 individuals from 194 households and eight schools.
Nutritional status of children <5 years of age 
Helminth infection among school-aged children
Hookworm was the most common helminth infection (27.9% [37/ 240]; 95% CI 22.3-34.1%) ( Table 5 ). Other helminths were rarely found: S. mansoni, 2.5% (6/240; 95% CI 0.9-5.4%); T. trichiura, 2.1% (5/240; 95% CI 0.7-4.8%), and A. lumbricoides, 1.3% (3/240; 95% CI 0.3-3.6%). No S. haematobium eggs were found in any of the urine samples. According to WHO classifications, infections with hookworm and T. trichiura were either of light or moderate intensity. Heavy intensity infections were observed in a few individuals for S. mansoni and A. lumbricoides.
Results from multivariate linear regression analysis
A significant positive association was found between Hb concentration and age (p,0.001) and presence of a health facility (p,0.001) ( Table 6 ). P. falciparum infection was significantly associated with lower Hb concentration (p,0.001). There was a significant interaction between P. falciparum infection and the presence of a health facility; children infected with P. falciparum infection in villages without a health facility had a significantly lower mean Hb concentration (coefficient: -2.02; 95% CI -2.68 to -1.36) in comparison with their counterparts in villages with a health facility (coefficient: -0.93; 95% CI -1.30 to -0.56).
Discussion
The findings revealed that the PACs in the ABSL project area are characterised by high prevalences of anaemia in children ,5 years old and women of reproductive age, of stunting and P. falciparum infection in children aged ,5 years and hookworm in school-aged children. Comparison with the 2008 DHS for the Northern region of Sierra Leone can be made.
14 First, the prevalences of stunting and underweight in children aged ,5 years are similar (41.8% and 23.2% in our survey vs 39.5% and 23.5% in the 2008 DHS, respectively). Second, the prevalence of wasting in children ,5 years old is somewhat lower (4.8% in our survey vs 8.6% in the 2008 DHS). Third, the overall prevalence, and that of moderate and severe anaemia in children aged 6-59 months, was somewhat higher (86.1% and 9.6% in our survey vs 79.3% and 4.1% in the 2008 DHS, respectively). Fourth, the prevalence of anaemia in women of reproductive age was considerably higher (73.7% in our survey vs 45.3% in the 2008 DHS). The DHS was carried out between April and June 2008 (end of the dry season) when levels of wasting and malaria are generally lower than in December (end of the rainy season, also known as the hungry months) when the current BHS was conducted.
14 The observed high prevalences of stunting, anaemia and malaria are critical in view of the nature of the ABSL project, which will transform an estimated 10 000 ha of arable land into sugarcane estates. 1, 20 Climatic and environmental conditions, food security and care-giving resources are significant determinants of nutritional status, and therefore new means to reduce poverty, foster nutrition-sensitive agriculture and improve access to hygiene education, clean water and adequate sanitation in PACs should be explored. 21 The ABSL project has the potential to address the immediate causes of children's suboptimum growth and development (e.g. promotion of breastfeeding, dietary diversification and disease prevention and control) and improve people's health and livelihoods through increased employment rates, farmers' development programmes and improved social and physical infrastructures. 5 To our knowledge, the most recent study that investigated malaria prevalence in Sierra Leone dates back to the post-war years (Sierra Leone experienced a decade of civil war over the period 1991-2002); children aged 4-36 months were tested by means of RDT for malaria in two refugee camps near the Liberian border in November 2003. 22 The reported P. falciparum prevalences of 54% (n¼831) and 45% (n¼779) were lower than those we found for a similar age group in our study area. In this hyperendemic setting P. falciparum prevalence may decline nationally following the universal distribution of insecticide-treated nets (ITNs), which started in December 2010. The ITN distribution campaign was ongoing in the study area and elsewhere at the time of the survey, so we did not report ITN coverage in this paper, as the figures might be misleading. Irrigation may result in highly localised new mosquito breeding sites, with potential for increases in malaria transmission. However, a comprehensive review of studies that assessed the effect of irrigation found no conclusive evidence of higher malaria prevalence in villages practising irrigated farming compared to non-irrigated villages in stable malaria transmission settings. 23 Linear regression analysis revealed a significant relationship between Hb concentration and age, P. falciparum infection and presence of a health facility in children aged ,5 years. We found no significant difference in anaemia prevalence between women living in villages with and without a health facility. The prevalence of P. falciparum infection was higher -and the negative association between P. falciparum infection and Hb concentration stronger -among children ,5 years old living in sites with c A. lumbricoides: ≥50 000 epg; hookworm: ≥4000 epg; T. trichiura: ≥10 000 epg; S. mansoni: ≥400 epg. International Health no health facility compared with their counterparts living in sites with a health facility. These findings indicate that access to health services may play a critical role in malaria and anaemia prevention and control strategies. 24, 25 In 2009, Sierra Leone's National Neglected Tropical Diseases Programme and Helen Keller International introduced preventive chemotherapy targeting schistosomiasis and soil-transmitted helminthiasis in endemic districts, including Bombali and Tonkolili, following WHO guidelines. 26 The prevalence of helminths, and absence of S. haematobium infections, matches with the spatial prediction for southern/western chiefdoms in these districts. 27 The low overall prevalence of S. mansoni suggests that there is no or very little local transmission, which depends on the presence of intermediate host snails Biomphalaria spp. and human-water contact. 28, 29 Should Schistosoma-infected workers and Biomphalaria spp. migrate into the study area, the development of the ABSL project could potentially alter the risk of schistosomiasis. A malacological survey of the local snail fauna is indicated. The use of sprinkler irrigation systems employed by the ABSL project poses little risk of establishing and spreading the transmission of schistosomiasis. 30 Irrigated farming in central Sierra Leone in the 1980s did not result in an increase in schistosomiasis transmission. 31, 32 Limitations of the study
The findings are specific for the selected sentinel sites, and not representative for a wider area that might be affected by more distal or cumulative effects of project developments. P. falciparum prevalence rates and wasting show seasonal fluctuation in northern Sierra Leone. As we conducted a single cross-sectional survey early in the dry season, future monitoring and evaluation surveys should be implemented with similar timing to be comparable with the baseline. Only single stool and urine samples were examined from each participant, which may underestimate the true prevalence of helminth infections. 33 
Conclusions
The findings show that the ABSL project is located in an area with a high burden of malnutrition, malaria, anaemia and hookworm infection. Whether and how the local epidemiological profiles will change over the course of the project needs to be determined, including in-and out-migration, help-seeking behaviour, health systems and equity issues. Clearly, there is a a broad set of potential negative health impacts to be set against probable projectrelated health benefits linked to improved socioeconomic status, farmers development programmes and ongoing health interventions, but it needs to be ascertained that the most vulnerable groups benefit from these measures. The BHS data provided an important basis for a comprehensive HIA of the ABSL project, which was an integral part of the full ESHIA. Recommendations of the HIA were incorporated in the environmental and social management plans, so that ABSL project impacts can be monitored and managed correctly and potential health benefits are maximised. Future monitoring and health surveys can be compared to the BHS data reported here, together with regional data. Indeed, the ABSL project has committed to periodic 3-year follow-up health surveys in PACs. Such evidence-based evaluation of project-related health impacts could also make an important contribution to the development of benchmarks and policies for responsible bioenergy projects in sub-Saharan Africa and elsewhere.
